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Hip osteoarthritis (OA) is one of the leading causes of chronic
disability worldwide and has a signiﬁcant impact on patients’
health-related quality of life (HRQoL). To assess major factors of
patients’ limitations, the Hip disability and Osteoarthritis Outcome
Score (HOOS) has been developed in English1 to improve the
Western Ontario and McMaster Universities Osteoarthritis Index
(WOMAC)2 for the use in patients with higher physical demands. As
no Japanese version of the HOOSwas available, the goal of the study
was to cross-culturally adapt and validate the HOOS for its use in
a large number of Japanese patients with hip OA3 based on the
guidelines of Guillemin and Beaton4,5. Acceptable internal consis-
tency and good testeretest reliability was achieved. As hypothe-
sized, convergent validity was found for all HOOS domains with the
Oxford Hip Score (OHS), with the 36-item Short Form (SF-36)
subscales for Physical Functioning (PF) and Bodily Pain (BP), and
with the subscale for Acceptance of the Nottingham AdjustmentM. Satoh, Tokyo Metropolitan
ursing Science, 7-2-10 Higa-
-3819-1211; Fax: 81-3-3819-
Satoh), ztc02231@nifty.com
(S. Goldhahn), kawat@
s Research Society International. PScale Japanese version hip edition (NAS-J-HIP). Divergent validity
was also found for the HOOS subscales and SF-36 Role Emotional
and Social Functioning subscales. The responsiveness was high for
all subscales in OA patients after total hip arthroplasty (THA)
(n ¼ 21). Overall, the Japanese HOOS questionnaire is valid and
reliable for use in Japanese patients with symptomatic hip OA.
Methods, results and discussion
Cross-cultural adaptation
The translation followed the recommendations for cross-cultural
adaptation of HRQoL measures4,5 with two independent forward
translations (one informed Japanese orthopedic surgeon, ﬂuent in
English, and one uninformed professional translator, native Japa-
nese speaker studying in England), a consensus meeting, two in-
dependent backward translations (two native English speakers
ﬂuent in Japanese without medical background), and a second
meeting of all persons involved in the translation process. As there
are no Japanese expressions that exactly correspond to question S1
(“feel grinding, and hear clicking”), we searched for an echoic word
for clicking, “kokku”, and mimetic word for feel griding, “feel gur-
iguri”. This was implemented in the Japanese version. After testing
for comprehensiveness in 54 healthy volunteers, all documents of
the cross-cultural adaptation were sent to the developer of the
original HOOS (E. Roos). No difﬁculties were reported.ublished by Elsevier Ltd. All rights reserved.
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Inclusion criteria were: Patients older than 25 years, with
symptomatic hip OA either scheduled for THA or being treated
medically, or patients undergoing THA, who were able to un-
derstand and read the national language at an elementary level.
A total of 162 patients, i.e., 45 OA patients scheduled for THA
(group 1 ¼ “OA group”) and 117 patients after THA (group
2 ¼ “THA group”) who were visiting a single orthopedic clinic
were enrolled (supple Table 1). The mean age was 62.0 years
(range 26e83 years). The mean follow-up period of THA group
patients was 6.6 years (range 0.3e18.5 years). The study was
approved by the ethical review board of the afﬁliated organiza-
tion, and informed consent was obtained. Patients were asked to
complete the Japanese versions of the HOOS (n ¼ 162), SF-36,
OHS, and NAS-J-HIP questionnaires (n ¼ 127). Two weeks later,
they completed the HOOS for a second time and sent it back via
post. For the analysis of cross-sectional validity and respon-
siveness, only data from patients who completed all four ques-
tionnaires were used.
Instruments
Each HOOS item (Pain: 10, Symptoms: 5, Activities of daily
living (ADL): 17, Sport/recreation: 4, QoL: 4) includes ﬁve answer
options (Likert boxes) giving a score from 0 to 4. For each
domain, scores are normalized from worst to best on a 0e100
scale. Missing values were handled according to HOOS guide-
lines1: when more than two items of a domain were missing, the
score was not calculated.
The SF-36 is a valid and reliable generic health status ques-
tionnaire that contains eight subscales (PF, Role limitations because
of physical problems (RP), BP, General Health (GH) perception, Vi-
tality (VT), Social Function (SF), Role limitations because of Emo-
tional problems (RE), Mental Health (MH))6. SF-36 has been
validated for use in Japan7.
The OHS comprises 12 items assessing pain and function of the
hip and has been validated for OA and THA patients1,8e10. Each item
is rated on a 0- to 4-Likert scale. The measure generates a single
overall score ranging from 0 to 48 (summed items) where the
higher the score, the best the health state. Japanese version of the
OHS has been validated in Japan11.
The Nottingham Adjustment Scale was initially developed to
measure psychological adaptation to acquired visual impairment12.
As suggested by the developers, it has been adopted for other areas
of acquired disability. In the present study, the Japanese version
adopted for hip OA (NAS-J-HIP) has been used. It consists of seven
extracted factors including (1) anxiety/depression, (2) self-esteem,
(3) attitude, (4) locus of control, (5) acceptance, (6) self-efﬁcacy,
and (7) attributional style13.Table I
Mean and median HOOS scores at the ﬁrst and second assessment and the testeretest
coefﬁcient, N ¼ 162
HOOS subscales HOOS score
First assessment Second ass
Mean (SD) Median (IQR) Mean (SD)
Pain (10) 85.3 (19.8) 95.0 (75.6e100.0) 84.6 (20.7)
Symptoms (5) 77.7 (22.6) 85.0 (65.0e95.0) 76.9 (23.1)
ADL (17) 79.1 (19.9) 85.0 (71.0e94.0) 78.7 (20.3)
Sport/recreation (4) 57.3 (29.0) 62.5 (37.5e81.3) 58.3 (28.6)
QoL (4) 61.2 (24.2) 69.0 (44.0e75.0) 61.0 (25.8)
IQR, interquartile range.
Two assessments were calculated for 162 patients, separated with an interval of 1e2 weStatistical analysis and results
Data were analyzed using SPSS 19.0 (SPSS Inc., Chicago, IL). All
tests were two-tailed and conducted at a 5% level of signiﬁcance.
Feasibility
For both OA and THA groups, few single responses to HOOS
items were missing, and the total score was obtained for all do-
mains by all patients except for 0.3% for the Pain subscale, 0.2% for
Symptoms, 0.1% for ADL, and 0.6% for Sports/recreation. Floor and
ceiling effects were considered present if more than 15% of the
respondents achieved the highest or lowest score. A ceiling effect
was observed for the Pain (34.0%) and Symptoms (21.0%) subscales;
for THA group patients only, this effect was seen in 47.0% and 29.1%,
respectively. No ceiling effect was observed in the OA group. In both
groups, no ﬂoor effect was observed for any HOOS subscale.
Internal consistency
Internal consistency was assessed using Cronbach’s alpha co-
efﬁcient with 95% conﬁdence intervals (95% CI). Values equal to or
above 0.7 indicate acceptable reliability for scales which are used as
research tools to compare groups. Cronbach’s alpha ranged from
0.78 to 0.97 indicating good homogeneity (Table I).
Testeretest reliability
Reliability of the HOOS subscales was assessed using the intra-
class correlation coefﬁcient (ICC) (two way model, single mea-
sure) with 95% CI. An ICC of more than 0.80 is considered an indi-
cator of good reliability. In addition, a Bland and Altman was
obtained. For all HOOS subscales, the ICCs were good, ranging from
0.90 (QoL) to 0.98 (Pain and ADL) (Table I). The difference between
repeated measurements was included within the 95% limits of
agreements in most cases presented as Bland and Altman repre-
sentations (supple Fig. 1), and was not related to the mean of the
twomeasurements considering from the range and the distribution
of each HOOS score (Table I).
Construct validity
Constructvaliditywasassessedbycorrelating the resultsof theﬁve
HOOSsubscaleswith SF-36,OHS, andNAS-J-HIP subscales. The results
are shown in Table II. Spearman correlation coefﬁcients of >0.50,
0.35e0.50, and <0.35 were considered strong, moderate, and weak,
respectively. A priori hypotheses stated that all HOOS domainswould
strongly correlate with the SF-36 PF and BP subscales and with OHS.
This could be conﬁrmed. Expected divergent correlations between all
HOOS subscales and the RE and SF subscales of SF-36 were found
between the HOOS Pain subscale and the SF-36 SF, RE and MH sub-
scales. An unexpected moderate correlation for SF (0.41) and MH
(0.42) with HOOS-ADL was also observed. As a sign for psychological
adaptation of patients to their physical limitations, we hypothesizedreliability given as ICCs, and internal consistency of ﬁve scales as Cronbach’s alpha
ICC (95% CI) Cronbach’s alpha
coefﬁcient (95% CI)
essment
Median (IQR)
92.5 (77.5e100.0) 0.98 (0.96e0.98) 0.95 (0.92e0.95)
85.0 (65.0e95.0) 0.94 (0.92e0.95) 0.86 (0.81e0.88)
84.0 (71.0e94.0) 0.98 (0.97e0.98) 0.97 (0.94e0.96)
62.5 (31.3e81.3) 0.95 (0.91e0.95) 0.89 (0.81e0.89)
69.0 (44.0e81.0) 0.90 (0.87e0.92) 0.78 (0.70e0.82)
eks (median 8, min 7, max 14 days).
Table II
Construct validity determined as Spearman correlation between subscales of the Japanese HOOS and SF-36, OHS and NAS-J-HIP for the hip OA patients, N ¼ 127
HOOS Pain Symptoms ADL Sport/recreation QoL
SF-36 subscales
Physical function 0.46 (P < 0.001) 0.42 (P < 0.001) 0.61 (P < 0.001) 0.50 (P < 0.001) 0.42 (P < 0.001)
Role physical 0.34 (P < 0.001) 0.22 (P < 0.005) 0.43 (P < 0.001) 0.27 (P < 0.001) 0.33 (P < 0.001)
BP 0.53 (P < 0.001) 0.41 (P < 0.001) 0.43(P < 0.001) 0.27 (P < 0.001) 0.33 (P < 0.001)
GH 0.22 (P < 0.001) 0.27 (P < 0.001) 0.31 (P < 0.001) 0.25 (P < 0.001) 0.11
VT 0.34 (P < 0.001) 0.34 (P < 0.001) 0.40 (P < 0.001) 0.29 (P < 0.001) 0.26 (P < 0.001)
Social functioning 0.29 (P < 0.001) 0.36 (P < 0.001) 0.41 (P < 0.001) 0.22 (P < 0.005) 0.23 (P < 0.001)
Role emotional 0.28 (P < 0.001) 0.18 (P < 0.001) 0.33 (P < 0.001) 0.17 0.21 (P < 0.001)
MH 0.32 (P < 0.001) 0.33 (P < 0.001) 0.42 (P < 0.001) 0.31 (P < 0.001) 0.26 (P < 0.001)
OHS 0.74 (P < 0.001) 0.65 (P < 0.001) 0.81 (P < 0.001) 0.60 (P < 0.001) 0.61 (P < 0.001)
NAS-J-hip
Anxiety/depression 0.33 (P < 0.001) 0.35 (P < 0.001) 0.40 (P < 0.001) 0.22 (P < 0.005) 0.27 (P < 0.001)
Self-esteem 0.28 (P < 0.001) 0.31 (P < 0.001) 0.29 (P < 0.001) 0.12 0.04
Attitude 0.16 0.30 (P < 0.001) 0.22 (P < 0.005) 0.20 (P < 0.005) 0.20 (P < 0.005)
Locus of control 0.21 (P < 0.005) 0.20 (P < 0.005) 0.26 (P < 0.001) 0.12 0.03
Acceptance 0.48 (P < 0.001) 0.35 (P < 0.001) 0.42 (P < 0.001) 0.29 (P < 0.001) 0.36 (P < 0.001)
Self-efﬁcacy 0.11 0.12 0.13 0.08 0.03
Attributional style 0.09 0.02 0.06 0.01 0.03
Numbers above 0.4 for correlation were expressed in bold.
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HOOS Pain and ADL subscales. This was conﬁrmed and corresponds
with the ﬁndings of a study comparing the NAS-J-HIP with subscales
(Pain, Range of motion, Walking, and ADL) of the Japanese Hip Soci-
ety’s Evaluation Chart of Hip Joint Functions13.
Responsiveness
Responsiveness was evaluated in 21 OA patients of group 1 by
comparing the HOOS scores before and after THA (3e16 months
after surgery; median of 7 months) with the Wilcoxon Signed Rank
test. The standardized response mean, i.e., the mean change be-
tween baseline and follow-up divided by the standard deviation
(SD) of this change, and the effect size, i.e., the mean score change
between baseline and follow-up divided by the SD of the baseline
values, were also calculated. After the OA patients underwent THA,
all HOOS subscale scores improved signiﬁcantly (P< 0.001) (supple
Fig. 2) with effect sizes ranging from 1.70 to 2.11 and standardized
response means ranging from 1.60 to 2.10 (supple Table 2).
Discussion
Japanese culture still differs from that in the West, particularly
in terms of the requirement to squat or sit in the tailor position,
most often for elderly people. Common lifestyle practices involving
sleeping and sitting on the ﬂoor are a signiﬁcant risk factor for THA
revision14,15. Because of the high number of patients with hip OA in
Japan, it is important to have validated instruments that allow
patient self-assessments and can be used to compare studies on an
international level. Therefore, the HOOS has been cross-culturally
adapted into Japanese and validated for the use in patients with
symptomatic hip OA.
All questionnaires were completed with a low percentage of
missing data. While no ﬂoor or ceiling effects were observed for the
OA group, a ceiling effect was visible for the Pain and Symptom
subscales in the THA group. This is reasonable as a result of pain
relief after surgery contrasts with preoperative OA patients suffer-
ing from various disabilities.
The internal consistency results were comparable to those
observed in other language versions of the HOOS8e10. Cronbach’s
alpha was highest for the ADL subscale (0.97), which concurs with
previous validation studies (0.94 in the French version, and 0.98/
0.95 for OA/THA group in the Dutch version, 0.96 in the Korean
version)8e10. Also for the Symptoms subscale, internal consistency
was equally satisfactory (0.86) as found in other reports (0.95/0.94for OA/THA group in the Dutch version, 0.75 in the Korean
version)9,10.
For convergent validity, the correlation between the HOOS and
OHSwas as good as that in the Dutch version (ICC 0.66e0.88 for the
Dutch HOOS)9. All ﬁve subscales of the HOOS were highly corre-
lated with the PF subscale of the SF-36, and the HOOS subscales of
Pain, Symptoms and ADL showed moderate correlations with the
BP subscale of the SF-36, which was also found in the Dutch vali-
dation9. The moderate correlation between the subscales for Pain
and ADL of the HOOS and the Acceptance subscale of the NAS-J-HIP
may reﬂect the fact that major symptoms of hip OA are pain and
disability of ADL. This supports the idea of Koyama et al.13, who
suggested that it might be possible to improve HRQoL by control-
ling the pain and by promoting acceptance. Further research is
necessary to clarify this point.
High responsiveness makes it possible to reduce the number of
subjects needed to demonstrate a signiﬁcant difference between
groups. In this study, the HOOS improved signiﬁcantly after THA as
shown in supple Fig. 2, and can therefore be useful for respon-
siveness evaluation.
Limitations in the study that have an inﬂuence on the ﬁnal in-
terpretations include that: (1) the two groups do not contain the
same number of patients, (2) the number of patients for the
responsiveness testing is relatively small, (3) there was a wide
range of follow-up times for the responsiveness testing (3e16
months) rather than a consistent time (e.g., 3 months), but all will
be addressed in future studies, (4) the sample may be of uneven
distribution, and not be representative of the Japanese population
only including patients waiting for surgery and post-surgery pa-
tients, and (5) comparisons to other language cross-cultural adap-
tations of hip outcome scores are limited with respect to the
responsiveness to hyaluronic acid treatment. Although Osteo-
arthritis Research Society International (OARSI) guidelines for the
treatment of the hip OA included the use of visco-supplementation,
which aims to restore physiological and rheological features of the
synovial ﬂuid, this treatment was not used in Japanese patients and
therefore not included in our sample. Cases with such medical
treatment will be included in the future study to address the effect
of intra-articular hyaluronic acid applications in symptomatic hip
joint OA.
Overall, the Japanese version of the HOOS demonstrated good
psychometric properties that are comparable to other language
versions. We believe that the Japanese HOOS is acceptable for
evaluating outcomes in patients with hip OA and OA-related
M. Satoh et al. / Osteoarthritis and Cartilage 21 (2013) 570e573 573treatments in Japan, and provides a basis for future clinical trials
integrating self-assessments of Japanese patients.
Author contributions
The following authors have made substantial contributions to
the following (1) the conception and design of the study (MS, KM,
SGO, TK), acquisition of data (MS, KM), analysis and interpretation
of data (MS, SGO), (2) drafting the article (MS), revising critical for
important intellectual content (MS, KM, SGO, TK), (3) ﬁnal approval
of the version to be submitted (MS, KM, SGO, TK).
Conﬂict of interest
No beneﬁts in any form have been received or will be received from
any commercial party related directly or indirectly to the subject of
this article.
Acknowledgment
This study was supported by a Grant-in-Aid for Scientiﬁc
Research (C), Japan Society for the Promotion of Science (JSPS) and
a Clinical Research Grant from St Luke’s Life Science Institute,
Tokyo, Japan. We thank Mr. Kenji Akao, Ms. Rosa Inoue, Ms. Fla-
minia Miyamasu and Ms. Mitsuko Saitoh for translations.
Supplementary data
Supplementary data related to this article can be found at
http://dx.doi.org/10.1016/j.joca.2013.01.015.
References
1. Nilsdotter AK, Lohmander LS, Klassbo M, Roos EM. Hip dis-
ability and osteoarthritis outcome score (HOOS) e validity and
responsiveness in total hip replacement. BMC Musculoskelet
Disord 2003;4:10.
2. Roos EM, Roos HP, Lohmander LS, Ekdahl C, Beynnon BD. Knee
injury and osteoarthritis outcome score (KOOS) e develop-
ment of a self-administered outcome measure. J Orthop Sports
Phys Ther 1998;28(2):88e96.
3. Yoshimura N, Campbell L, Hashimoto T, Kinoshita H, Okayasu T,
Wilman C, et al. Acetabular dysplasia and hip osteoarthritis in
Britain and Japan. Br J Rheumatol 1998;37:1193e7.4. Guillemin F, Bombardier C, Beaton D. Cross-cultural adaptation
of health-related quality of life measures: literature review
and proposed guidelines. J Clin Epidemiol 1993;46:1417e32.
5. Beaton DE, Bombardier C, Guillemin F, Ferraz MB. Guidelines
for the process of cross-cultural adaptation of self-report
measures. Spine 2000;25:3186e91.
6. Ware JE, Sherboune CD. The MOS 36-item short-form health
survey (SF-36): I. Conceptual framework and item selection.
Med Care 1992;30:473e89.
7. Fukuhara S, Bito S, Green J, Hsiao A, Kurokawa K. Translation,
adaptation, and validation of the SF-36 Health Survey for use
in Japan. J Clin Epidemiol 1998;51:1037e44.
8. Ornetti P, Parratte S, Gossec L, Tavernier C, Argenson JN,
Roos EM, et al. Cross-cultural adaptation and validation of the
French version of the hip disability and osteoarthritis outcome
score (HOOS) in hip osteoarthritis patients. Osteoarthritis
Cartilage 2010;18:522e9.
9. de Groot IB, Reijman M, Terwee CB, Bierma-Zeinstra SM,
Favejee M, Roos EM, et al. Validation of the Dutch version of
the hip disability and osteoarthritis outcome score. Osteo-
arthritis Cartilage 2007;15:104e9.
10. Lee YK, Chung CY, Koo KH, Lee KM, Lee DJ, Lee SC, et al.
Transcultural adaptation and testing of psychometric prop-
erties of the Korean version of the Hip Disability and Osteo-
arthritis Outcome Score (HOOS). Osteoarthritis Cartilage
2011;19:853e7.
11. Uesugi Y, Makimoto K, Fujita K, Nishii T, Sakai T, Sugano N.
Validity and responsiveness of the Oxford Hip Score in a pro-
spective study with Japanese total hip arthroplasty patients.
J Orthop Sci 2009;14:35e9.
12. Dodds AG, Flannigan H, Ng L. The Nottingham adjustment
scale: a validation study. Int J Rehabil Res 1992;16:177e84.
13. Koyama Y, Miyashita M, Kazuma K, Suzukamo Y,
Yamamoto M, Karita T, et al. Preparing a version of the Not-
tingham Adjustment Scale (for psychological adjustment)
tailored to osteoarthritis of the hip. J Orthop Sci 2006;11:
359e64.
14. SatohM, Kawaguchi T,Masuhara K. Risk factors for revision total
hip arthroplasty: emphasis on the characteristics of Japanese
lifestyle. Arch Orthop Trauma Surg 2009;129:1707e13.
15. Mulholland SJ, Wyss UP. Activities of daily living non-Western
cultures: range of motion requirements for hip and knee, joint
implants. Int Rehabil Res 2001;24:191e8.
